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(54) Improved methodology for col or i metrically determining the concentration of white blood cells 
in a biological fluid 

(57) A composition, method and test device for 
determining the presence of leukocytes, esterase or pro- 
tease in a test sample are disclosed. The composition 
comprises an ester which is hydrolyzed in the presence 
of leukocyte, esterase or protease to form a reaction 
product which couples with a diazonium salt to produce 
a detectable color change. The composition further com- 
prises the salt of an alkaline earth metal which stabilizes 
the composition during manufacture and prevents the 
occurrence of false or background color change due to 
reactivity of the diazonium salt in the absence of leuko- 
cyte, esterase or protease. 
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Also known in the art is the use of certain diazonium salts to couple with phenols and pseudophenols to produce 
azo dyes. Martinet and Dornier Compt. Rend. , 1 70, 592 ( 1 920). Such a technique is used in an esterase analysis whereby 
indoxyl esters are hydrolyzed via esterase to produce indoxyl, which is in turn coupled with a diazonium salt to form the 
corresponding azo dye. Holt and Hicks, J. Cell Biol. 29, 261-366 (1966); Gossrau, Histochemistry, 57, 323-342 (1978); 
5 West German Offenlegungschrift No. 30 17 721 , filed May 9, 1 980. 

The diazonium salts known for use as coupling agents in a composition for detecting leukocytes, esterase, or pro- 
tease rely upon an exogenous anion to counter the diazo cation. Moreover, the formulations discussed thus far each 
suffers, to at least some extent, from interference or inaccuracy due to the presence of phenolic or other compounds 
present in the sample which are capable of reacting with the diazonium salt. Such interference can result in false negative 
10 assays. 

Skjold (U.S. Patent No. 4,637,979) combined the use of a chromogenic ester, diazonium salt coupling agent, and 
accelerant into an easy to use dip-and-read test composition and device. In the presence of leukocyte, esterase, or 
protease, the ester is hydrolyzed to an acid and a phenol. The phenol is then free to couple with the diazonium to produce 
a color change. 

is Skjold's composition and test device, however, did not consistently provide accurate results at the basic pHs that 
most favored enzyme mediated hydrolysis and subsequent coupling of the diazonium with the liberated phenol. Specif- 
ically, the color change results were inaccurate at higher pHs because while hydrolysis and diazonium coupling increased 
with increasing basicity of the reaction mixture, so also did background reactivity of the diazonium with other components 
in the mixture. Thus, at pHs around 8.8-9.0 color change frequently resulted even in the absence of enzyme. It has been 

20 suggested that these background color changes occur with increasing pH of the reaction mixture due to increased 
nucleophilic attack on the diazonium salt by hydroxide ions. Clearly, there is a need for a reagent composition for detecting 
leukocytes, esterase or protease which can be utilized at a pH which promotes efficient enzyme mediated hydrolysis 
and diazo coupling but at the same time promotes diazonium stability in the absence of such enzymes. Additionally, 
there is a need for a reagent composition in which the diazonium salt remains stable during manufacture. 

25 Diazonium compounds are used in a variety of applications in medicine and industry. Thus, various attempts have 
been made to try to stabilize such compounds against nucleophilic attack and other types of degradation. Stabilization 
attempts have included the use of compounds such as organic base, surfactants, organic borates, antioxidants, acid 
stabilizers, and zinc chloride. None of these approaches was. however, designed to stabilize diazonium salts in a reagent 
composition formulated to detect leukocytes. Furthermore, none has proven successful in such a composition. Zinc 

30 chloride is not effective because it reduces the reactivity of the esterase and protease enzymes. Acid stabilizers do not 
work because the enzyme detection composition must be basic in order to promote diazonium reactivity and enzyme 
activity. Surfactants, anti-oxidants, and organic boronates were tested but had little effect in stabilizing the diazonium. 

Given the limitations of the prior known art, there is a clear need for a method of stabilizing the diazonium against 
nucleophilic attack and at the same time allow for a composition pH of between 8.8-9.0 in order to promote efficient 

35 diazo coupling in the presence of enzyme. 

Summary of the Invention 

The present invention provides novel compositions, test devices, and methods for assaying a sample of bodily fluid 
40 for leukocytes by detecting the presence of hydrolytic enzymes such as esterases and proteases contained in such cells. 
The compositions of the invention comprise esters which when hydrolyzed by enzyme yield a product which can couple 
with a diazonium salt to produce a detectable color change. The compositions further comprise the salt of an alkaline 
earth metal. The metal salt stabilizes the diazonium, thus, reducing background reactivity. This allows for a more basic 
composition pH which promotes increased diazonium reactivity in the presence of enzyme. 
45 The invention also provides test devices for determining the presence of leukocyte, esterase or protease. The test 
devices comprise a carrier matrix onto which the composition is impregnated. The carrier matrix may be made of suitable 
materials such as filter paper, glass, felt or wood. 

The present invention further provides for a method of assaying bodily fluids for leukocyte cells, esterase or protease. 
The method comprises contacting a test sample with the reagent composition or test device incorporating the compo- 
se? sition, then observing and measuring a detectable response such as a color change. 

Description of the Preferred Embodiment 

The present invention provides for a composition for determining the presence of leukocyte, esterase or protease 
55 in a test sample. More specifically, the invention provides for a composition which allows for efficient detection of analyte 
while reducing background reaction. The composition is composed of an ester, a diazonium salt, and an alkali earth 
metal salt. While there is great latitude in choosing these ingredients, there are preferred embodiments of each which 
produce maximized results, i.e., a high degree of detectable response developing in a short time. This optimization can 
be still further promoted by including an accelerator in the composition. The expression "detectable response" is intended 
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A preferred lactate ester has the general structural formula (II) 
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The lactate ester (II) is present in a reagent composition in a concentration of about 0.5 to about 2 mM (millimolar), 
and preferably about 0.8 to about 1.5 mM. Within this concentration range, a sufficient amount of lactate ester is present 
in the reagent composition to provide a sufficient color transition or other detectable response to detect trace amounts 
of leukocyte cells. 

s The term "lower alky!," as used herein, is an alkyl moiety containing one to about six carbon atoms. Exemplary, but 
nonlimiting, lower alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl. sec-butyl, tert-butyl and all isomers of 
pentyl and hexyl. The lower alkyl group can be unsubstituted, or the lower alkyl group can be substituted, provided the 
substituent does not interfere with the ability of the composition or test device to detect leukocyte cells, esterase or 
protease. Exemplary, but nonlimiting, substituents on the alkyl group are alkoxy having one to six carbon atoms, halo, 

10 nitro, aryl, and amino. 

The identity of the alcohol blocking group, i.e., A, of the lactate ester of general structural formula (I) is not particularly 
limited, and can be selected from essentially any blocking group typically used to protect an alcohol moiety. 

The alcohol blocking group A typically is the residue of a sulfonyl chloride or a carboxylic acid chloride (i.e.. an acyl 
chloride) and has the structural formula (III) or (IV) 

75 




m (rv) 

25 



wherein R3 is an alkyl group having three to about 22 carbon atoms, and preferably 3 to about 6 carbon atoms, or R 3 is 
an aryl group. When R 3 is an alkyl group, the alkyl group can be functionalized, e.g., methoxy-succinyl. 

30 As used herein, the term "aryl" with respect to R, R 2 and R3 means any aromatic ring system. Nonlimiting examples 
of the term "aryl" include 5- and 6-membered aromatic ring systems like pyrrolyl, phenyl and pyridyl, as well as fused 
aromatic ring systems, like naphthyl. The aromatic ring system can be heterocyclic or carbocylic, and can be substituted 
or unsubstituted, provided that the substituent groups do not interfere with ability of the chromogenic lactate ester to 
hydroly2e in the presence of leukocyte cells, esterase or protease. Exemplary, but nonlimiting substituent groups are 

35 alkyl, halo, acyl , aryl, hydroxy, alkoxy, sulf uryl and amino. The aryl group preferably is a phenyl group, either unsubstituted 
or substituted with a relatively nonreactive group, such as a halo group or an alkyl or alkoxy group having one to about 
10 carbon atoms. 

Exemplary, but nonlimiting, alcohol blocking groups are residues of p-toluenesulfonyl chloride (tosyl chloride or 
TsCI), n-propylsulfonyl chloride (n-PrS02CI), benzoyl chloride (PhCOCI), carborriethoxyethane sulfonyl chloride and 
40 thiophene sulfonyl chloride. Numerous other specific alcohol blocking groups are known to those skilled in the art and 
can be used as the A component of the present lactate esters. For example, numerous alcohol blocking groups are 
disclosed in T.W. Greene et aL Protecting Groups in Oraanic Chemistry, 2d Ed. , (1991 ), incorporated herein by reference. 

A preferred alcohol blocking group A has the structural formula (III) and includes the sulfonyl moiety. To achieve the 
full advantage of the present invention, the alcohol blocking group of structural formula (III) has a phenyl group as R 3 , 
45 wherein the phenyl group is substituted with a methyl or a methoxy moiety. 
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A preferred lactate ester of the present invention is a chromogenic compound having the structural formula (V) 



10 



15 



O H 




20 



which is the L-form of a lactate ester of general structural formula (II), wherein X is NR2, R is phenyl and R, is hydrogen 
A and R 2 have the same meanings as previously described. In a more preferred embodiment, the chromogenic lactate 
ester has structural formula (VI): * 
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ZhZT v 2 jS Mu d l 09e r 3 ? A is P- t0,uenesu,fon y' Ts), i.e., the L-form of the lactate ester of structural formula (II) 
wherein X is NH, A is Ts, R is phenyl and R1 is H. 

om ™ e method of synthesis of preferred lactate esters is described in detail in U.S. Patent Application Serial No 
293,723, filing date August 22, 1994, assigned to Miles Inc of Indiana. 

The composition of the present invention can include, in addition to the ester, various accelerators. The expression 
accelerator relates to any compound which serves to increase the rate of hydrolysis of the chromogenic esters 
described herein. Included are such chemically diverse substances as pyridine, imidazole and their derivatives; certain 
metal complexes, and alcohols. Suitable alcohols have from 1 to about 15 carbon atoms. Linear alcohols are preferred 
over branched chain alcohols, although the latter are included within the scope of the invention. Alcohols having 8-15 
carbon atoms are particularly useful in increasing esterase and protease catalyzed hydrolysis of esters discussed herein 
Decanol, undecanol, and dodecanol are specifically preferred for use with this invention, primarily because of their low 
volatility as compared with alcohols of low molecular weight. 

ThecompositionalsoincludesadiazoniumsaltasacouplingagentThediazon^ 
structural formula * 

ArN* ^ N, 

wherein Ar is an aryl group. More particularly, the diazonium salt typically is an aromatic diazonium salt having the 
general structural formula: 
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wherein R 4 is individually hydrogen, lower alkyl or aryl, or wherein two adjacent R4 groups together form a fused ring 
system, with the proviso that one of R 4 is -N* ^ N, i.e., diazonium; Y is N or CRs. wherein R 5 is hydrogen or lower alkyl; 
and D is an anion, such as chloride, bromide or other suitable counterion for the diazonium moiety. Another preferred 
diazonium salt has the structure 



N 2 + 




(Vffl) 



35 wherein F is hydrogen, lower alkyl or hydroxy; D is a covalently bound anion: G, individually is hydrogen, lower alkyl or 
aryl, or both G groups taken together from a fused ring system. 

The term "fused ring system," as used herein, means two or more aromatic rings that share a pair of carbon atoms. 
A zwitterionic diazonium salt is a preferred coupling agent. The zwitterionic diazonium compound is a species of 
diazonium salt wherein the counterion (i.e., the anion) of the diazonium moiety is covalently bound to the ring system. 
40 Examples of such anions include, but are not limited to, sulfonate (SO3), carbonate (COJ and phosphonate (PO3). 

Various diazonium salts are disclosed in Skjold et al. U.S. Patent No. 4,637,979; Hugh et al. U.S. Patent No. 
4,806,423; and Hugl et al. U.S. Patent No. 4,814,271, incorporated herein by reference. Specific, nonlimiting examples 
of diazonium salts useful in the composition and method of the present invention are 1-diazo-2-naphthol-4-sulfonate 
and 1-diazophenyl-3-carbonate. Other nonlimiting examples of diazonium salts are 4-diazo-3-hydroxy-1-naphthylsul- 
45 fonate (DNSA), 4-diazo-3 -hydroxy- 7-nitro-1 -naphthylsulfonate (NDNSA), 4-diazo-3-hydroxy-1 ,7-naphthyldisulfonate, 2- 
methoxy-4-(N-morpholinyl) benzene diazonium chloride, 4-diazo-3-hydroxy-7-bromo-1 -naphthylsulfonate and 4-diazo- 
3-hydroxy-7-[1 ,-oxopropyl]-1 -naphthylsulfonate. 

When the ester of the composition is hydrolyzed by leukocyte, esterase or protease, a hydroxy-pyrrole is liberated 
which can interact with the diazonium salt to form a brilliant azo dye and color change. 
50 The composition of the present invention also contains the salt of an alkaline earth metal. Preferred alkaline earth 
metals include magnesium, calcium, and barium. A preferred salt is magnesium sulfate but all alkaline earth metals are 
expected to perform similarly. The alkaline earth metal stabilizes the diazonium against attack during manufacture and 
storage of the reagent composition and also reduces background reactivity of the diazonium during testing of bodily 
fluids. The metal salt reduces background color change in both instances. Background color change is that which occurs 
55 in the absence of enzyme. It has been speculated that such color change is caused by nucleophil ic attack of the diazonium 
salt by components of the reaction mixture and from other extraneous sources during the manufacturing process. 

Table 1 more particularly demonstrates that MgS0 4 stabilizes the reagent composition against background color 
change. 
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to J££U 5 f! ?° u mn 4 ° f ,3b,e b6l0w shows that when M 9 SO < is added t0 first dip solution formu- 

la^ las described previously, there is less color change (background) in the absence of leukocyte. esteLe or protease 
Mg >0 4 likely forms metal hydroxides with exess OhTs in the reaction mixture. These metal hydroxides are i iJs TmTe- 
o P r ,.c than sodium hydroxide and. therefore, less reactive towards the diazonium 



Table 1 



Stabilization of the Diazonium in the Absence of Leukocytes and During Storage Conditions 



Formulation 


Storage Condition Time 


Temp. 


Reactivity After Dipping in 
Negative Test Solution 


Reactivity After Dipping 
in Positive Test Solution 


Control 


Initial 


23° 


954 


686 


MgS0 4 


Initial 


23° 


973 


610 


Control 


1 week 


23° 


960 


713 


MgS0 4 


1 week i 


23 0 ; 


975 


650 


Control 


1 week 


60° 


875 


744 


MgS0 4 


1 week 


60° 


914 


729 


MgCI 2 


Initial 


23° 


968 


675 



25 The numbers in column 4 represent percent reflectance of the composition as measured by a CLINITEK™-200 Urine 

,t yZ6r ' F^fS Mi ' eS ' nC ° f Mana - Percent reflectance of the coated reagent sfripfe 

measured at a wave length of 570 nanometers, divided by the reflectance measured at a standard of 690 nanomete s 
and multphedby 1000. Since percent reflectance is inversely related to color ehwi»«n^tip«!S3E 
ance number the deeper the color change and thus the greater false positive in the absence of enzyme 
storaae 9 ffdS^Tu^ 5 1 dem0nstrates ^ metal *e reagent composition during 

dur nn ? T \ and pr0tease is enhanced when less of the di **>nium sartis degraded 

tSStZSL 2??"? T b6rS in C °' Umn 5 Sh ° W reaCtMty 0< ,he com P° silion in the P™ence of 42 leukocyte 
? m S T be See "' 3fter ° ne W6ek ° f s,orage - ,here is «*» in the presence of 

35 S52£ SESS! ,n T A9ain> *» pefCent re,tectance is measure * a iower number means 

35 more color change in the presence of leukocytes. 

Table 2 shows the effect of diazonium stabilization by MgS0 4 after a simulated four week shelf life at 60°C. 



Table 2 



Diazonium Stability Data After 4 Week Shelf Life 




Reactivity After Dipping in Positive Test Solution 


Control (pH 8.8) 


673 


MgS0 4 (pH 8.8) 


596 


MgS0 4 (pH 8.95) 


557 


CLINlTEK™-200 values are % reflectance at 570nm / % reflectance at 690nm x 100C 
42 leukocyte cells/ml are present in the test solution. 



55 



In the presence of 42 cells/ml of test solution, reagent compositions containing MgS0 4 exhibit greater color change 
as compared to the control solution. This color change is most pronounced at pH 8.95. a pH optimum for enzyme 
hydrolysis and diazonium coupling. y 

In addition to stabilizing the diazonium during storage, it is also likely that the alkaline earth metal ion absorbs 
moisture generated in the drying oven. Moisture likely causes background color change due to water molecules reacting 
with the diazonium salt. Table 3 demonstrates that there is less background color change when the composition is 
exposed to high humidity when MgS0 4 is present in the reagent composition 
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Table 3 



Magnesium Sulfate Added to the Second Mix 


Formulation 


Humidity Condition 


CLINITEK-200 Reactivity in the Absence of Leukocyte 




%RH 


Temp.F 




Control 


.20% 


72°F 


956 


Control 


45% 


72°F 


906 


Control 


55% 


72°F 


860 


4 mM MgS0 4 


30% 


72°F 


957 


4 mM MgS0 4 


55% 


71°F 


960 



Thus, it seems that addition of an alkaline earth metal salt to the reagent composition of this invention enhances 
leukocyte detection in two fundamental ways. First, it is believed that the metal salt shields the diazonium against nucle- 

20 ophilic attack by extraneous components in the reagent composition during the testing of bodily fluids. Thus, color change 
in the absence of leukocytes (background) is reduced. Second, the metal salt is believed to absorb moisture in the drying 
phase of manufacture and to prolong shelf life of the composition and test device during storage. Since less diazonium 
is degraded, the test composition is more sensitive to leukocytes. 

The composition of the present invention may include a buffer. The buffer is a compound which, when contacted 

25 with an aqueous test sample, provides a suitable pH for the reaction. Preferably, the buffer is capable of producing a pH 
in the range of about 8.8 to 9.0. As discussed previously, this later pH range allows for a most dramatic color change in 
the presence of leukocyte, esterase, or protease because it facilitates hydrolysis by esterase and protease and diazonium 
coupling. The metal salt protects against background color change which is color change in the absence of leukocyte, 
esterase, or protease. 

30 A buffer can be included in the reagent composition of the present invention in a concentration of about 200 to about 
600 mM, although in particular situations the concentration of the buffer can be above or below this range. 

Therefore, a reagent composition of the present invention is buffered to a suitable pH with a buffer such as carbonic 
acid; BICINE; CHES; borate; phosphate; 2,2-bis(hydroxymethyl)-2,2',2"-nitrilotriethanol; 3,3-dimethylglutaric acid; 3-N- 
morpholinopropanesulfonic acid (MOPS); 1,3-bis[tris(hydroxymethyl)methylamino]propane (Bis-TRIS); tri(hydroxyme- 

35 thyl)aminomethane (TRIS); tris(hydroxymethyl)aminomethane-maleic acid (TRIS-maleate); tris(hydroxymethyl) ami- 
nomethane-malonic acid (TRIS-malonate); 3-N-(trishydroxymethyl)methylamino-2-hydroxypropanesulfonic acid 
(TAPSO); 2-([tris(hydroxymethyl)methyl]amino) ethanesulfonic acid (TES); N-2-hydroxyethylpiperazine-N'-2-ethanesul- 
fonic acid (HEPES); and other buffers well known in the art, or combinations thereof. A preferred buffer is boric acid- 
NaOH. 

AO The composition described above can be used in determining the presence of leukocyte, esterase or protease. 
Alternatively, the composition can be incorporated into a carrier matrix to form a test device, thereby providing a tool for 
rapid, reliable estimation of the presence of the analyte. The carrier matrix is usually, but not necessarily, a porous 
substance such as filter paper. Other well known forms of carrier matrix materials are felt, porous ceramic strips, and 
woven or matted glassf ibeis (U.S. Patent No. 3,846,247). Also contemplated are the use of wood, cloth, sponge material 

45 and argillaceous substances (U.S. Patent No. 3,552,928). Alternatively, the carrier matrix can be non-porous, such as 
various polymeric films, glass and the like. All such carrier matrix materials are feasible for use in the present invention, 
as are others. It has been found that filter paper is especially suitable. 

In a preferred method of preparing the device a piece of filter paper is wetted with an aqueous solution of the buffer 
and aqueous salt of an alkaline earth metal. This first-dip solution can also contain various processing excipients such 

so as a detergent, a sizing agent such as polyvinylpyrrolidone, and other inert ingredients. 

The impregnated filter paper is then dried and wetted with a second-dip solution, in acetone and DMSO or other 
nonaqueous solvents, the diazonium salt and. if desired, the accelerator or additional buffers. The twice-impregnated 
paper is then dried a second time, thus forming a test device sensitive to the presence of leukocytes or other analytes. 
It is also possible to impregnate the filter paper utilizing a one-dip solution containing all the necessary reagents. 

55 
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A preferred recipe for the reagent composition is listed in Table 4. 



Table 4 



w 



15 



20 



25 



30 



35 
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Leukocyte Detection Reagent Composition. 


ingredient 


Function 


I Preferred Cone. Used 


I Allowable Range 




1st Application 




Water 


Solvent 


1000 ml_ 


— 


Magnesium sulfate 


DNSA stabilizer 


14.6 g 


1-30 g/L 


Bio-Terge AS40 


Surfactant 


2g 


0-4 g/L 


Boric acid 


Buffer 


24.7 g 




5-35 g/L 


PVP 


Polymer 


20.0 g 


5-50 g/L 




2nd Application 




MOP 


Solvent 


955 mL 


— 


DMPU 


Solvent 


30 mL 


10-60 mL 


DNSA 


Diazonium indicator 


0 .1 74 g 


0.050-0.5 g/L 


PPTA 


Enzyme substrate Enzyme activator 


0.422 g 


0.10-0.8 g/L 


Decanol 


(accelerator) 


15 mL 


5-40 mLA 


Boric Acid 


Buffer 


0.5 g 






0-3.0 g/L 


UNbA = 1-diazo-2-naphthol-4-sulfonic acid 






PPTA = 2-hydroxy-5-phenyl-pyrrole-N-tosyl-L-alanine ester 







JH e dl !f d ; r ,f a 9 ent - bearin 9 carri er matrix can be mounted on a backing material if desired Thus in a oreferred 
e^.merrtofthetestdevice.afiHer paper carrier niatrix is incorporated J ^ 

bvtv £2£££S T f ? h e l° n9ated Pi6Ce ° f tranSparent po, ^ rene f ™* ?SS o T e 1 
nTtS!f n ' ° 33 d0Ub ' e faCed 3dheSive ,ape (Double S,ick ® avai,abl * from 3M Company) the other end 
^EffEKT" I" S6 T g 35 3 hand ' e - ' n USe ' SUCh 3 device is held b * the ,ree e "d of the ^tyreneSmSng 
35221? -s immersed into the test sample (e.g., urine) and quickly removed Any color formal or 

other detectable response .s observed after a predetermined time and compared with a reference standard cone^ 
ing to responses to known concentrations of leukocytes or other analyte having esterase SZ^a^ThS 

!51ISS^S - about 1 " 3 ™ es is usually — to — «- i-^S^TS 

Claims 



45 1. Acompositionfordeterm^ esterase 
and protease in a test sample, the composition comprising- 'euxocyte. esterase 

andasaJ*^ 

so 2. The composition of claim 1 , wherein said alkaline earth metal salt is a salt of magnesium, calcium, or barium. 

3 ' IntoT^rTJ 7 °l C,ai '? 1 2 WhSrein thG PH ° P,imum ° f the com P°^ion facilitates diazonium coupling 
Is mJS ^ ° f Pr ° teaSe ^ Wh6rein back9r ° und diazonium cotJ P ,in 9 and «*» ^ange 

55 
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The composition of any of claims 1 to 3 wherein said ester is a lactate ester having the structure 



5 




CH, 

w 

wherein A is an alcohol blocking group, and wherein in the presence of esterase, said lactate ester is hydrolyzed to 
generate the compound B-OH. 

15 5. The ester of claim 4, wherein the compound B-OH is selected from the group consisting of a pyrrole, a thiophene, 
a furan, an azoresorcinol, a phenol, a leukoindophenol an azodye, 5-(4-hydroxy-3,5-dimethoxyphenylmethylene)- 
2-thioxothiazoline-3-acetic acid, a 2-substituted-6-hydroxy-benzothiazole derivative, a co-nitrostyryl ester, a resoru- 
f in, an acridinone, a merocyanine, an 8-hydroxy-2H-dibenz-(b,f)azepin-2-one, a dibenzo azepinone, a dibenzothi- 
azepinone, a coumarin ester, and mixtures thereof. 

20 

6. The composition of any of claims 1 to 5 wherein said diazonium salt has the structure 



R4 



25 




wherein R 4 is individually hydrogen, lower alkyl or aryl, or wherein two adjacent R 4 groups together form a fused 
ring system, with the proviso that one of R4 is N* - N; Y is N or CR 5 , wherein R5 is hydrogen or lower alkyl; and D" 
35 is an anion such as chloride, bromide or other suitable courrterion for the diazonium moiety. 

7. The composition of any of claims 1 to 5 wherein the diazonium salt has the structure 



45 




wherein F is hydrogen, lower alkyl or hydroxy; D is a covalently bound anion; G is individually hydrogen, lower alkyl 
so or aryl, or both G groups taken together from a fused ring system. 

8. A test device for determining the presence or concentration of leukocytes, esterase or protease in a test sample, 
said test device comprising a carrier matrix, having a reagent composition homogeneously incorporated therein, 
said reagent composition comprising a diazonium salt, an ester capable of being hydrolyzed in the presence of 

55 leukocyte, esterase or protease and a salt of an alkaline earth metal. 

9. The test device of claim 8, wherein said composition additionally comprises an accelerator. 
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10. 



A method for determin.ng the presence of an analyte selected from the group consisting of leukocytes esterase or 

Sriw 3 ,6St ? mP ' e ' the meth ° d COmpriSin9 COntac,in9 the sam " e ^ a reagenfCSn or £££ 
having sa,d reagent composition homogeneously incorporated therein, said reagen common SiSri^T 
mum salt, an ester capable of being hydrolyzed in the presence of leukocyte J^^^^Z !^ 
an alkaline earth metal; and examining the reagent composition for a detectable response 
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